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ABSTRACT 
It has been postulated that lectins mediate rhizobiu-i 
legume symbiosis through interaction of extracellular 
polysaccharides with root hair cells. A number of 
leguminous lectins have been studied in detail to explore 
the exact physiological role of lectins in biological 
system. In view of this, we have isolated a lectin frcn 
Phaseolus mungo seeds in essentially pure form. The 
results include some of its important physico-chemical and 
carbohydrate binding properties whose delineation would 
form an essential prerequisite for the proper under-
standing of the role of lectin in the plant physiology. 
In order to isolate the lectin, seed homogenate was 
prepared in 0.01 M Tris-HCl buffer, pH 7.4 containing 
0.25 M NaCl (operating buffer). The homogenate was acidi-
fied with 0.3 M acetic acid to pH 4.0 for overnight ar 
7°C. The extraneous proteins were removed by centrifu-
gation. The supernatant was dialysed against operating 
buffer and subjected to affinity chromatography on 
galactosyl Sepharose 6B column (4 x 8.8 cm) equilibrated 
with the operating buffer. The lectin was specifically 
eluted with 0.25 M galactose. The lectin showed 
hemagglutination of trypsinized rabbit erythrocytes which 
was specifically inhibited by galactose. The yield of 
(iii) 
lectin was found to be about 0.8% with respect to the 
total protein present in acid homogenate. 
The affinity purified lectin moved essentially as 
a single protein band in sodium dodecyl sulphare 
polyacrylamide gel electrophoresis. In addition, gel 
chromatography of the lectin on Sephadex G-150 colurm 
(1.78 X 99 cm) gave one major symmetrical peak, suggesting 
that the lectin preparation was homogeneous with respecr 
to size. The relative mobility of lectin in presence and 
absence of 2-mercaptoethanol was found to be 0.39 which 
corresponded to a molecular weight of 66,000. The native 
molecular weight of lectin as determined by analytical gel 
chromatography on Sephadex G-150 column (1.78 x 99 cm) was 
found to be 137,000 which suggested that the Phaseolss 
mungo lectin consists of two identical subunits which are 
held together by non-covalent forces. 
The ultraviolet absorption spectrum and fluorescence 
excitation and emission spectra were measured in 0.01 M 
Tris-HCl buffer, pH 7.4 containing 0.25 M NaCl. The lectin 
absorbed maximally near 278 nm. The excitation and 
emission maxima were found to occur near 278 nm and 334 nn 
respectively. The lectin was found to be a glycoprotein in 
nature with 8.3% neutral carbohydrate content. The protein 
was devoid of sialic acid residues. The values of Stokes 
(iv) 
r a d i u s , d i f f u s i o n c o e f f i c i e n t and f r i c t i o n a l r a t i o , 
determined by gel chromatography on Sephadex G-150 column 
— 7 ? —1 
were found to be 4.3 nm, 5.18 x 10 cm sec -^  and 1.2 8 
respectively. The deviation from globular shape may be 
attributed to glycoprotein nature of the lectin. 
The Phaseolus mungo lectin readily caused 
agglutination of trypsinized rabbit erythrocytes which was 
found to be specific. Thus, hemagglutinating activity of 
lectin was measured against trypsinized rabbit erythro-
cytes by hemagglutination assay. The hemagglutinating 
activity of lectin was found to be sensitive to heat 
treatment. The saccharide binding specificity of lectin 
was investigated in presence and absence of ten different 
sugars. The inhibition of hemagglutination as a function 
of increasing concentration of saccharide was used to 
determine the concentration of saccharide required for 50% 
inhibition of the lectin activity i.e. C-^ value for each 
sugar was determined. The results showed that Phaseolus 
mungo lectin isolated in this study was galactose 
specific. The lectin also showed affinity for N-
acetylgalactosamine. The Cw value for N-acetylgalacto-
samine (17 mM) was found to be more than galactose (9.5 
mM) , which indicated that the lectin was more specific 
for galactose than for N-acetylgalactosamine. The lectin 
showed higher affinity for melibiose (Cj^  = 6.1 mM) 
(V) 
whereas glucose, sucrose and lactose had virtually no 
effect on lectin induced hemagglutination. Further, in the 
concentration range used in this study, galactosamine did 
not significantly affect hemagglutinating activity of the 
lectin. The derivatives of galactose i.e. methyl <^ -
galactoside, methyl ^ -galactoside and p-nitrophenyl 
cC-galactoside were also tested for their inhibitory 
activity. It was found that the methyl ^-galactoside was 
the most potent inhibitor of hemagglutination (Cj^  = 2.9mM) 
followed by p-nitrophenyl (fi- -galactoside (Cj^  = 4.2 mM) , 
whereas methyl yS -galactoside was a non-inhibitor [C^ > 
10.7 mM) in the concentration range used in this study (0-
10.7 mM). This indicated that the lectin preferentially 
interacted with (^ -glycosides. Further, the observation 
that p-nitrophenyl <?€-galactoside was slightly less 
effective inhibitor than methyl cC -galactoside indicated 
the absence of any hydrophobic binding site adjacent to 
the saccharide binding site on the lectin. 
(vi) 
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ABSTRACT 
It has been postulated that lectins -ediate rhizobiura 
legume symbiosis through interaction of extracellular 
polysaccharides with root hair cells. A number of 
leguminous lectins have been studied in detail to explore 
the exact physiological role of lectins in biological 
system. In view of this, we have isolated a lectin froin 
Phaseolus mungo seeds in essentially pure form. The 
results include some of its important physico-chemical and 
carbohydrate binding properties whose delineation would 
form an essential prerequisite for the proper under-
standing of the role of lectin in the planr physiology. 
In order to isolate the lectin, seed homogenate was 
prepared in 0.01 M Tris-HCl buffer, pH 7.4 containing 
0.25 M NaCl (operating buffer). The homogenate was acidi-
fied with 0.3 M acetic acid to pH 4.0 for overnight at 
7°C. The extraneous proteins were removed by centrifu-
gation. The supernatant was dialysed against operating 
buffer and subjected to affinity chromatography on 
galactosyl Sepharose 6B column (4 x 8.8 cm) equilibrated 
with the operating buffer. The lectin was specifically 
eluted with 0.25 M galactose. The lectin showed 
hemagglutination of trypsinized rabbit erythrocytes which 
was specifically inhibited by galactose. The yield of 
(iii) 
lectin was found to be about 0.8% with respect to the 
total protein present in acid homogenate. 
The affinity purified lectin moved essentially as 
a single protein band in sodium dodecyl sulphate 
polyacrylamide gel electrophoresis. In addition, gel 
chromatography of the lectin on Sephadex G-150 column 
(1.78 X 99 cm) gave one major symmetrical peak, suggesting 
that the lectin preparation was homogeneous with respect 
to size. The relative mobility of lectin in presence and 
absence of 2-mercaptoethanol was found to be 0.39 which 
corresponded to a molecular weight of 66,000. The native 
molecular weight of lectin as determined by analytical gel 
chromatography on Sephadex G-150 column (1.78 x 99 cm) was 
found to be 137,000 which suggested that the Phaseolus 
mungo lectin consists of two identical subunits which are 
held together by non-covalent forces. 
The ultraviolet absorption spectrum and fluorescence 
excitation and emission spectra were measured in 0.01 M 
Tris-HCl buffer, pH 7.4 containing 0.25 M NaCl. The lectin 
absorbed maximally near 278 nm. The excitation and 
emission maxima were found to occur near 278 nm and 334 nm 
respectively. The lectin was found to be a glycoprotein in 
nature with 8.3% neutral carbohydrate content. The protein 
was devoid of sialic acid residues. The values of Stokes 
(iv) 
radius, diffusion coefficient and frictional ratio, 
determined by gel chromatography on Sephadex G-150 column 
were found to be 4.3 nm, 5,18 x 10""^  cm^ sec"-^  and 1.28 
respectively. The deviation from globular shape may be 
attributed to glycoprotein nature of the lectin. 
The Phaseolus mungo lectin readily caused 
agglutination of trypsinized rabbit erythrocytes which was 
found to be specific. Thus, hemagglutinating activity of 
lectin was measured against trypsinized rabbit erythro-
cytes by hemagglutination assay. The hemagglutinating 
activity of lectin was found to be sensitive to heat 
treatment. The saccharide binding specificity of lectin 
was investigated in presence and absence of ten different 
sugars. The inhibition of hemagglutination as a function 
of increasing concentration of saccharide was used to 
determine the concentration of saccharide reguired for 50% 
inhibition of the lectin activity i.e. Cj^  value for each 
sugar was determined. The results showed that Phaseolus 
mungo lectin isolated in this study was galactose 
specific. The lectin also showed affinity for N-
acetylgalactosamine. The Cj^  value for N-acetylgalacto-
samine (17 mM) was found to be more than galactose (9.5 
mM) , which indicated that the lectin was more specific 
for galactose than for N-acetylgalactosamine. The lectin 
showed higher affinity for melibiose {C^ = 6.1 mM) 
(V) 
whereas glucose, sucrose and lactose had virtually no 
effect on lectin induced hemagglutination. Further, in the 
concentration range used in this study, galactosamine did 
not significantly affect hemagglutinating activity of the 
lectin. The derivatives of galactose i.e. methyl 'C-
galactoside, methyl ^ -galactoside and p-nitrophenyl 
oC-galactoside were also tested for their inhibitory 
activity. It was found that the methyl <^-galactoside was 
the most potent inhibitor of hemagglutination (Cj^  = 2.9mM) 
followed by p-nitrophenyl c^ -galactoside (Cj^  = 4.2 mM) , 
whereas methyl yS -galactoside was a non-inhibitor (Cw > 
10.7 mM) in the concentration range used in this study (0-
10.7 mM) . This indicated that the lectin preferentially 
interacted with cC -glycosides. Further, the observation 
that p-nitrophenyl (?C-galactoside was slightly less 
effective inhibitor than methyl oC -galactoside indicated 
the absence of any hydrophobic binding site adjacent to 
the saccharide binding site on the lectin. 
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ISOLATION AND CHARACTERIZATION 
OF 
LECTIN FROM PHASEOLUS MUNGO 
INTRODUCTION 
Lectins, first recognized at the turn of this century 
are the specific carbohydrate binding proteins of -.on-
immune origin which agglutinate cells or precipitate 
polysaccharides or glycoconjugates (Goldstein et al., 
1980) . Legume lectins have been isolated from seeds, 
although other plant tissues such as leaves, bark and 
roots have been shown to contain lectins (Lis and Sharon, 
1986; Strosberg et al., 1986; Sharon and Lis, 1990). In 
mature seeds, lectin may form as much as 10 % of rhe total 
seed protein. Bulk of the seed lectins are located in 
protein bodies in cotyledons. 
Seed lectins resemble and behave like srorage 
proteins as both appear at about the same tim.e during 
development in most legume seeds (Pusztai et al., 1983). 
Lectins are synthesized on ribosomes and transferred to 
endoplasmic reticulum where N-glycosylation takes place 
through the dolichol phosphate pathway. Modification of 
carbohydrate moieties proceeds in the golgi apparatus from 
where they are transported to their final destination. 
During the transport of newly synthesized lectin, membrane 
bound specific peptidase cleaves the signal peptide from 
the amino terminal amino acid of the native lectin 
(Higgins et al., 1983a, b) . It has been found that non-
glycosylated pro-concanavalin A is active without 
polypeptide cleavage (Min et al., 1992). 
1. Chemical properties : 
The non amino acid moieties which have been detected 
in lectins include carbohydrates and metal ions. 
Lectins are generally glycoproteins with varying 
amounts of carbohydrate contents. However, the non-
glycoprotein lectins are apparently synthesized as 
glycosylated precursors and loose N-glycan moieties during 
post-translational processing. For example, Con A, in 
mature seeds is devoid of carbohydrate but it is 
synthesized as glycoprotein precursor (Bowles ex. al., 
1986) . Legume lectins contain upto 10 % carbohydrare in 
the form of small number of N-linked carbohydrate units 
which include mannose, glucose, galactose, glucosamine, 
galactosamine, fucose, xylose and arabinose (Sharon, 
1974). The carbohydrate moieties do not appear to be 
required for the saccharide binding activity of the 
glycoprotein lectins (Lis and Sharon, 19Sla). The most 
convincing proof comes from the finding that the non-
glycosylated leukoagglutinating Phaseolus vulgaris lectin 
(L-PHA) synthesized in Escherichia coli, had the same 
leukoagglutinating activity as the native glycosylated 
lectin (Hoffman and Donaldson, 1985) . 
In addition to carbohydrates, most leguminous lectins 
studied contain metal ions as an essential part of their 
native structure. Metal ions appear to be essential for 
lectin activity, since their removal by acid treatment 
abolishes the lectin activity. Legume lectins usually 
require calcium (Ca ) and manganese (Mn ) ions for 
their biological activity (such as Con A) . But lectin 
from Dollchos biflorus requires only calcium (Ca^ "^ ) 
(Borrebaeck et al., 1981) and lima bean lectin requires 
only manganese ion (Mn*^  ) for binding of saccharide units 
(Goldstein and Hayes, 1978). 
2. Amino acid composition : 
Generally, the legume lectins irrespective of their 
specificity, are rich in acidic and hydroxylic amino acids 
(Horejsi et al., 1980; Bhattacharyya et al., 1981; Lis et 
al., 1985) and lack methionine and cysteine residues 
(Entlicher et al., 1970). But lectins from Onobrychis 
vicllfolla, Griffonia simplicifolia, Ulex europaeus etc. 
have been found to contain cysteine residue(s) (Goldstein 
and Poretz, 1986). Interestingly, the Bauhinia purpurea 
lectin contains upto six residues of cysteine per subunit 
(Irimura and Osawa, 1972). The Dolichos biflorus lectin 
and Erythrina lectins contain low methionine content 
(Etzler and Kabat, 1970; Font et al., 1971). 
3. Molecular properties : 
Although legume lectins differ remarkably in their 
carbohydrate binding specificity, they share many common 
physico-chemical properties. Thus, all the known legume 
lectins contain 2-4 subunits of molecular weight 25,000-
30,000 (Sharon and Lis, 1990). The subunits of legume 
lectins are usually identical or are very similar to each 
other, each containing a single sugar binding site with 
the same specificity. Generally the subunits of legume 
lectins are made up of single polypeptide chains but in 
some cases they consist of two polypeptides. Con A is 
composed of a mixture of intact subunits made up of a 
single polypeptide chain containing 237 amino acids and of 
fragmented subunits in which the same polypeptide chain 
splits into two fragments between residues 118 and 119 
(Sharon and Lis, 1990). 
Isolectins which have been reported in a number of 
seeds (Goldstein and Hayes, 1978; Lis and Sharon, 1981b; 
Lis and Sharon, 1984; Ahmad and Chatterjee 1989) may have 
identical subunits or subunits which differ only slightly. 
Some isolectins consist of subunits that have different 
sugar specificity (Goldstein and Hayes, 1978; Lis and 
Sharon, 1984). Some plants contain two or more lectins 
with different sugar binding specificity, for example, 
Vicia villosa (Tollefsen and Kornfeld, 1983) and Sambucus 
nigra (Kaku et al., 1990). 
4. Primary structure of legume lectins : 
The complete amino acid sequence of a large number 
of legume lectins have been established either by chemical 
methods or by cDNA sequencing (Sharon and Lis, 1990) . A 
comparison of partial or complete primary sequences of 
various lectins has shown extensive homology between 
different lectins. Both the one-and two chain legune 
lectins exhibit extensive homologies when properly 
aligned, i.e., by placing the B-chains of the two chain 
lectins along the NH->- terminal sequences of the one-chain 
lectins, followed by the oC-chains, and assuming deletions 
at selected positions (Fig. 1) . Con A, either from 
Canavalla ensiformis or from Canavalia gladiata, and the 
lectin from Dioclea grandiflora, all from plants belonging 
to the Diocleae tribe, occupy a special position. Homology 
of these lectins with the other legume lectins is obtained 
by aligning residue 123 of the Diocleae lectins with the 
NH2-terminal amino acids of the other lectins, proceeding 
to the carboxyl ends of the Diocleae lectins and 
continuing along their NH2-terminal regions. The unusual 
type of homology is referred to as circular homology. 
It has also become clear from the sequence comparison 
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Pig. 1. Comparison of amino acid sequences of lequmc 
lectins. 
that lectins from the same tribe are more homologous to 
each other than to members of other tribes. The Vicieae 
lectins exhibit more than 60% identities and the 
Phaseoleae lectins nearly 30%. Approximately 10% of the 
amino acids are invariant in all legume lectins examined 
and a similar proportion is identical in at least 7 5% of 
them (Sharon and Lis, 1990) . Furthermore, many of the 
replacements are conservative ones. N-Glycosylation 
triplet sequences when present are located at different 
positions of the primary structure. The extensive 
homology observed between different lectins suggests that 
these are conserved proteins and have a common genetic 
origin. This is further supported by codon usage in the 
coding region of the mature lectins which indicates that 
different legume lectins exhibit nearly the same codon 
usage pattern whereas the choice for the silent position 
of codons is non-random (Wantyghem and Sabeur, 1991). 
The amino acids in appropriate sequences involved in 
the binding of metal ions have been highly conserved in 
six out of the seven lectins compared. In Con A the 
amino acid re idues involved in the binding of one calcium 
and one manganese ion per subunit are well known. These 
include two aspartic acid residues (Asp-^ ^ and Asp-*"^ ) , one 
residue of each asparagine (Asn ) , histidine (His^^), 
serine (Ser^ "^^ ) , glutamic acid (Glu^) and tyrosine (Tyr-^ )^ . 
In comparable sequences of lectins from soybean, peas, 
fava bean, lentils and sainfoin, but not in PHA from 
kidney bean, all these amino acids involved in metal 
binding have been conserved with the exception of the 
tyrosine residue at position number 12 of Con A, which is 
replaced by phenylalanine in the other legume lectins. 
Interestingly, the amino acid sequences participating 
in the carbohydrate binding site of lectins are poorly 
conserved (Becker et al., 1976). Lectins possessing 
identical subunits usually have one binding site per 
polypeptide as is shown by Con A which has four binding 
sites per tetramer (So and Goldstein, 1968) . Similarly, 
soybean lectin and peanut lectin also have four binding 
sites per tetramer (Neurohr et al., 1980; De Boeck et al., 
1984a). Lentil lectin has two sugar binding sites per 
dimer (Stein et al.,^ 1971). Lectins with non-identical 
subunits such as Abrus precatorius agglutinin (Olsnes et 
al., 1974; Khan et al., 1981) and fava bean lectin 
(Barondes, 1981) have only one carbohydrate binding site 
in two subunits. Lectin from Dolichos biflorus. is a 
tetramer which is composed of two closely related subunits 
but only one kind of subunit has sugar binding site 
(Etzler et al., 1981). 
Most of the legume lectins possess well defined 
hydrophobic cavity which is made up of a number of 
hydrophobic amino acid residues. In Con A, the side chain 
of leucine (Leu°-'-) , valine (Val^^) and three phenylalanine 
residues (Phe-'•-'•-'•, Phe-'-^-'- and Phe^ -^ )^ constitute the main 
part of the hydrophobic cavity. All these amino acid 
residues are strictly conserved in most lectins studied 
so far (Strosberg et al., 1986). When the amino acids, 
which contribute to the hydrophobic cavity of Con A, are 
not conserved in other lectins, they are always replaced 
with other hydrophobic amino acids. 
5. Three dimensional structure : 
The sequence homology observed in legume lectins is 
also expressed in terms of similarities in their three 
dimensional structure. To date, crystal structures of 
about a dozen of legume lectins have been solved at atomic 
resolution. The results show absence or low content of 
#C-helix and high content of^ -structure. Further, circular 
dichroism spectroscopy of various legume lectins has 
revealed that most commonly occuring secondary structure 
in legume lectins is 5-pleated sheet structure (Herrmann 
et al., 1978; Jirgensons, 1978; Jirgensons, 1979; 
Jirgensons, 1980; Young et al., 1982). The overall 
organization of polypeptide chain of legume lectins 
appears to be similar regardless of their carbohydrate 
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binding specificity. X-ray crystallographic data on Con A 
as well as on other legume lectins show that the lectin 
subunit exists as a half dome with a shallow depression 
at the apex which offers sites for specific saccharide 
binding. Since Erythrina corallodendron lectin (EcorL) is 
a galactose specific lectin and the lectin under 
investigation {Phaseolus mungo lectin) had similar 
carbohydrate specificity, we shall describe the crystal 
structure of EcorL in greater detail. 
The three dimensional structure of EcorL monomer has 
been found to be similar to that of other legume lectins 
(Lis et al., 1985; Adar et al., 1989; Arango et al., 1990; 
Sharon and Lis, 1990). Variations in structure of legume 
lectins have been found to mostly occur in the loop 
region (Shaanan et al., 1991). Superposition of an EcorL 
monomer on that of Con A revealed that EcorL has the 
potential to sustain most of the interactions essential 
for maintaining the canonical legume lectin dimer (Becker 
et al. , 1975; Einspahr et al. , 1986) particularly the 
conserved ^-sheet type hydrogen bonds between main chain 
atoms of the adjacent strands. However, the physical 
interference by the bulky carbohydrate chain projecting 
out from the glycosylation site at Asn-^  , forces the EcorL 
dimer into a drastically altered quaternary structure. 
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Rather than forming the conserved 12 strand ft- sheet, the 
two monomers of EcorL form an interface of a "handshake" 
type similar in its general shape to that of the contact 
between the variable heavy chain and light chain (VU-VT) 
domains in F^ j^  fragments. The dimer of EcorL is stabilized 
by hydrophobic and polar interactions, with a surface area 
of 700 A*' . per subunit buried at the interface, but is 
probably less favourable than the canonical dimer, in 
which 900 to 1100 A° ^ per subunit are buried at the 
dimer interface and which is further stabilized by^-sheet 
type hydrogen bonds. The extreme effect of 
glycosylation on the assembly of EcorL can be related to 
the modulation of protein-protein interactions by an 
exposed N-linked carbohydrate that has been noticed in 
studies of the influenza virus hemagglutinin (Skehel et 
al., 1984). The branched carbohydrate projects out from 
Asn-^ ,^ which is the last residue of a ^- turn connecting 
strands from the two main antiparallel A- sheets 
characteristic of the legume lectins (Becker et al., 1975; 
Einspahr et al., 1986). The different monosaccharide units 
of EcorL are held by hydrogen bonds to side chain and main 
chain atoms of the parent protein molecule (Shaanan et 
al., 1991). Discrete water molecules surround the 
monosaccharides in regions not in direct contact with the 
protein. 
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6. Carbohydrate binding specifity : 
The saccharide binding specificity of lectins has 
been studied by inhibition of hemagglutination or 
glycoconjugate precipitation (Goldstein and Hayes, 1978). 
Techniques like equilibrium dialysis, direct or difference 
ultraviolet spectroscopy, nuclear magnetic resonance and 
precipitation with natural and model glycoconjugates also 
inform about specificity of lectins and their binding 
process (So and Goldstein, 1968; Massing and Goldstein, 
1970; Besseler et al., 1974; Cederberg and Gray, 1979; 
Lonngren et al., 1976; De Boeck et al., 1984b; Yamasaki et 
al., 1985; Matsumoto et al., 1983; Miduox et al., 1984; 
Shibuya et al., 1987 and Goldstein, 1990). Their 
carbohydrate specificity can also be studied through the 
use of immobilized lectin columns (Cummings and Kornfeld, 
1982) . 
Lectins, from their reaction with simple sugars, are 
first classified into broad groups of lectin classes as 
either mannose/glucose specific or N-acetylgalactosamine/ 
galactose specific or fucose specific or sialic acid 
specific lectins (Table I) . This is then followed by a 
more precise classification based on extensive 
investigations with a great number of oligosaccharides of 
known composition and structure. From such studies of the 
most complementary carbohydrate structure, the recognition 
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TABLE I 
ORIGIN AND SUGAR SPECIFICITY OF PURIFIED LECTINS FROM LEGUME SEEDS 
Suborder and t r i b e Species Speci f i c i t y 
Caesalpinaceae 
Papilionaceae 
Abreae 
Carageae 
BaiJiinia purpurea 
Gr i f f on ia s imp l i c i foh 'a 
Abrus precatorius ( j e q u i r i t y bean) 
Caraaana arborescens (pea tree) 
galactose/N-acetylgalactosamine 
galactose/N-acetylgalactosamine 
N-acetylgtucosamine, ol igosaccnariae 
galactose/N-acetylgalactosamine 
mannose (glucose) 
Dalbergieae 
Diocleae 
Loncnocarpus capassa galactose/N-acetylgalactosamine 
Canavalia ensiformis (jack bean) mannose (glucose) 
Canavalia gladiata (Japanese jack bean) mannose (glucose) 
D i PC i ea grandi f lora mannose (glucose) 
Galageae Rcbina pseudoacacia (black locust) 
Wistaria floribunda (wistaria) 
only oligosaccharides 
galactose/N-acetylgalactosamine 
and oligosaccharides 
Genisteae 
Hedysareae 
Loteae 
Phaseoleae 
Crotalaria juncea (sunhemp) 
Cyt i sus scoparius 
Cytisus sessifolius (broom) 
Ulex europaeus (furze, gorse) 
Aracnis hypogaea (peanuts) 
(3nobrYchis viciifol ia (sainfoin) 
galactose/N-acetylgalactosamine 
galactose/N-acetylgalactosamine 
N-acetylglucosamine 
N-acetylglucosamine, L. Fucose 
gaIactose/N-acetyIgaIactosami ne 
mannose (glucose) 
Lotus tetragonolobus (asparagus pea) L. Fucose 
AjTcihicarpea bracteata (hog peanut) 
Dolichos biflorus (horse gram) 
Erythrina corallodendron (coral tree) 
GIycine max (soybean) 
Phaseolus iunatus limensis (lima bean) 
Phaseolus vulgaris (kidney bean) 
PsoD^ocarpus tetragonoIobus( winged bean) 
Vigna radiata (mung bean) 
galactose/N-acetylgalactosamine 
galactose/N-acetylgalactosamine 
galactose/N-acetyIgalactosanine 
galactose/N-acetyIgalactosami ne 
galactose/N-acetytgalactosamine 
Oligosaccharides 
galactosamine 
galactose/N-acetylgalactosamine 
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Sophoreae Sowringia miIbraedii mannose (glucose) 
Maacicia amurensis oligosaccharides 
Scc-iora japonica (Japanese pagoda tree) galactose/N-acetylgalactosami ne 
Trifolieae Megicago sativa (alfalfa) 
Tri'olium repens (white clover) 
galactose/N-acetylgalactosamine 
L. deoxyglucose 
Vicieae Laf^yrus ochrus 
'.ers cut inaris 
?'sun sativum 
V^ 'c•' a cracca (common vetch) 
mannose (glucose) 
mannose (glucose) 
mannose (glucose) 
mannose (glucose), galactose/ 
N-acetylgatactosamine 
•/ i e • 3 f aba (fava bean) 
V? c•a graminea 
Vi c•a viIlosa (hairy vetch) 
mannose (g lucose ) 
o l i g o s a c c h a r i d e s 
g a l a c t o s e / N - a c e t y l g a l a c t s a m i n e 
Reference : Sharon ana . i s , 1990 
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and binding site of the lectins within the four main 
classes, is obtained (Table II) . Some lectins possess 
extended binding site and thus they can bind more than two 
sugar units (Nachbar et al., 1980; Hammarstorm et al., 
1982; Baker et al., 1983; Kaladas et al., 1983; Crowley 
et al., 1984; Wu, 1984; Shibuya et al., 1987). These 
oligosaccharides are more potent inhibitors of lectins 
than their respective monosaccharides (Table II), 
Many legume lectins, especially those specific for 
glucose/mannose, specifically interact with muranic acid 
(Mur Ac) and N-acetylmuramic acid (MurNAc) often to a 
greater extent than with other manosaccharides and their 
derivatives, such as N-acetylglucosamine and sialic acid 
(Ayouba et al., 1991). Recent studies on lectin-
carbohydrate interactions have suggested that mannosyl-
specific lectins, specially Con A, may bridge human 
immunodeficiency virus type-I (HIV - I) envelope glyco-
proteins to cell membranes to increase virus binding to 
its target (Gattengo et al., 1992). 
The forces involved in lectin-carbohydrate 
interaction are generally polar interactions. High 
resolution X-ray crystallographic analysis of lectin-
carbohydrate complexes has provided a more definitive 
picture of the same. The carbohydrate binding site of 
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Table II 
LECTINS WITH PROMOUNCED SPECIFICITY FOR OLIGOSACCHARIDES 
Source of lectin Monosacch-
aride 
01i gosaccharide 
Structure 
Selat ive 
'ir.hibi tiori 
Datura stramonium GlcNAc GlcNAc 34 GlcNAc ^4 GlcNAc 5 = 0 
Polichos biflorus GalNAc GalNAc <C3 GalNAc 
Erythrina crystaqalli Gal 
Arachis hypogaea Gal 
Gal ^ 4 GlcNAc 
Gal ^3 GalNAc 
33-50 
53 
Phaseolus vulgaris 
E-PHA 
Gal ^ 4 GlcNAc jS 2 Han K 6 \ 
GlcNAc /*4 -- Man ^4 R 
GlcNAc /J 2 Man »C3/ 
Phaseolus vulgaris 
L-PHA 
V i c i a graminea 
Vicia villosa GalNAc 
Gal ^ 4 GlcNAc ^ 2 
Man 
NH2-Leu 
I 
Gal ^ - 3 GalNAc #C ---Ser 
Gal/3 -3 GlcNAc /. ---Thr 
Gal^ -3 Glc NAc -C ---Thr 
Glu-COOH 
NH2-Ser- (Pro)2-Gly-(Ala)2-Thr - COOH 
(GalNAccC ) (GalNAc^ ) 120 
Wheat germ GlcNAc GlcNAc ^ - 4 GlcNAc /9-4 GlcNAc 3000 
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EcorL has been identified by studying the structure of the 
complex of the lectin with lactose by X-ray 
crystallography. As mentioned for other legume lectins, 
the subunit of EcorL assumes a shape of half dome whose 
upper portion accommodates saccharide and metal binding 
sites (Becker et. al., 1975; Hardman et. al., 1982; Reeke 
and Becker, 1986; Wright, 1990). The galactose moiety is 
well resolved in the electron density map of the EcorL-
lactose complex, whereas the glucose, which resides mostly 
outside the binding pocket, is barely detectable. The non-
covalent interactions which stabilize the lectin-
carbohydrate complex include polar and hydrophobic 
interactions. The residues involved in hydrophobic 
interactions with sugar residue are Ala^^, Tyr-^°^, 
Phe-^ '^ "^ , and Ala 218^ r^ j^ ^ principal four hydrogen bonds 
are formed between 3-OH and 4-OH of galactose to Asp^, 
Asn-'--^ -^, Gly-'-^ ^ and Asp^^ (see Fig. 2). The backbone amide 
of Gly-'"^ '^  is involved in hydrogen bonding. The topology of 
saccharide binding site in legume lectins appears to be 
similar if not identical. However, small changes in 
position of the critical frame work amino acid residues 
might produce difference in the ligand specificity. 
Examination of the structure of lectin-carbohydrate 
complex shows significant difference in the outline 
variable parts of the binding pocket of the lectin. This 
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106 // / > " / / / '' 
/ I / /2O 
/CH20H^ 
CH2OH 
— — Hydrophobic Interoction 
Hyrogen bond 
Fig. 2. Schematic representation of the lactose complex 
of the Erythrina corallodendron lectin. 
The combining site of EcorL is indicated as 
a shallow depression. Only galactose (3-OH and 
4-OH as 03 and 04 respectively) of lactose makes 
hydrogen bonds to protein residues (dashed 
lines). Hydrophobic interactions stablizing the 
ligand are indicated by full lines. 
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difference might account for the specificity of EcorL 
towards different C-4 epimers. 
Legume.lectins are proteins which are still in search 
of their exact function. Several lines of evidence suggest 
that legume lectins may mediate specific recognition of 
nitrogen fixing micro organisms by the plant roots 
(Hamblin and Kent, 1973; Dazzo et al., 1978; Dazzo, 1981; 
Guerinot and Chelm 1987; Long, 1989; Philip-Hollingsworth 
et al., 1989; Geremia et al., 1987; Miller et al., 1988, 
Miller et al. , 1990) . This hypothesis is yet to be proved 
conclusively. Regardless of the uncertainty, the role of 
lectins as recognition molecule has never been doubted. 
Further, legume lectins exhibit extensive sequence and 
structural homology inspite of the wide variation in 
carbohydrate binding specificity. It would therefore be 
interesting to isolate a lectin from a hitherto 
uninvestigated source i.e. Phaseolus mungo seeds and study 
its molecular and carbohydrate binding properties. The 
results of such study are being presented in this thesis. 
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EXPERIMENTAL 
A. MATERIALS : 
1. Proteins : 
Bovine serum albumin (lot no.lOOF - 0249), ovalbumin 
(lot no. 105C-8022) , chymotrypsinogen A (lot no. 40F -
8050) , cytochrome c (lot no 09C - 0088) and trypsin type 
II (lot no. T - 8128) were purchased from Sigma Chemical 
Company, St. Louis, Mo., U.S.A. Salt fractionated goat 
IgG was a kind gift from Ms. Zoya Galzie of this 
laboratory. Soybean agglutinin was obtained from Sisco 
Research Laboratories, India and was used without further 
purification. 
2. Sugars : 
Glucose, lactose and sucrose were purchased from BDH, 
Bombay, India. Galactose was purchased from LOBA CHEMIE, 
Bombay, India. N-Acetylgalactosamine (lot no. 22F - 5043), 
galactosamine (lot no. 86F - 0340), methyl </;-galactoside 
(lot no. 74F - 5611), methylyS-galactoside (lot no. 56F -
5624) , melibiose (lot no. 78F - 0014) and p-nitrophenyl tL-
galactoside. (lot no. N-0877) were obtained from Sigma 
Chemical Company, St. Louis, Mo., U.S.A. 
3. Chromatographic media : 
Sepharose 6B and Sephadex G-150 were purchased from 
21 
Sigma Chemical Company, St. Louis., Mo., U.S.A. Divinyl 
sulfone (98% v/v) was obtained from MERCK-Schuchardt, 
Germany. Blue Dextran 2000 was purchased from Pharmacia 
Fine Chemicals, Uppsala. 
4. Reagents used in sodium dodecyl sulphate polyacryl-
amide gel electrophoresis : 
Reagents used in SDS-polyacrylamide gel electro-
phoresis were acrylamide and ammonium persulphate from 
Merck, Dramstadt, Germany; N-N'-methylene bisacrylamide 
from Reanal Budapest, Hungary; N, N, N', N'-tetramethyl-
ethylenediaraine from Ferak, Berlin, West Germany; sodium 
dodecyl sulphate, glycerol, methanol, acetic acid and 
chloroform from BDH, Bombay, India; bromophenol blue, 
dichlorodimethyl silane and 2-mercaptoethanol from BDH, 
Poole, England; coomassie brilliant blue R-250 (lot no. B 
- 0630) and tris (hydroxymethyl) amino methane (lot no. T 
-1378) from Sigma Chemical Company, St. Louis, Mo., U.S.A. 
5. Miscellaneous reagents : 
Sodium azide was from Fluka, Switzerland. N-Acetyl-
neuraminic acid (lot no. A 2501) was purchased from Sigma 
Chemical Company, St. Louis, Mo., U.S.A. Phenol, sodium 
arsenate, thiobarbituric acid, cyclohexanone and sodium 
metaperiodate were from BDH, Bombay, India. All other 
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reagents were of analytical grade. Phaseolus mungo seeds 
were obtained from the local market. 
Glass distilled water was used throughout these 
studies. 
B. METHODS : 
1. Measurement of pH : 
Elico digital pH meter, model Ll-122, was used for pH 
measurements in conjunction with Elico combined electrode 
at room temperature. The pH meter was standardized with 
0.05 M potassium hydrogen pthalate buffer, pH 4.0, in the 
acidic range and with 0.01 M sodium tetraborate buffer, 
pH 9.2, in the basic range. 
2. Determination of protein concentration : 
Protein concentration was determined by the method of 
Lowry et al. (1951) using bovine serum albumin as the 
standard protein. To 1 ml of protein solution, 5 ml of 
copper reagent was added. After 10 minutes, 1 ml of Folin 
phenol reagent was mixed and the solution was allowed to 
stand at room temperature for 30 minutes. The colour 
intensity was read at 700 nm against an appropriate 
blank on AIMIL photochem-8 colorimeter. A calibration 
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curve between optical density and protein concentration 
was obtained and found to fit the equation : 
(O.DOyoonm " ^'^ (Protein, mg) + 0.048 (1) 
3. Hemagglutinating activity of lectin : 
Hemagglutinating activity of lectin was detected 
using trypsinized rabbit erythrocytes. Rabbit blood was 
collected in the presence of 2.8% EDTA in normal saline 
and centrifuged at 1000 rpm for 20 minutes. The super-
natant was discarded and the pellet of red blood cells 
was washed three times with 0.01 M sodium phosphate 
buffered saline, pH 7.8 (PBS). For trypsinization, 10 rag 
of trypsin was incubated with 1 ml of packed cells in 
PBS, for 10 minutes at 37° C. Then the trypsinized cells 
were washed thrice with PBS and used in the agglutination 
experiment. 
Hemagglutinating activity of Phaseolus mungo lectin 
was measured against trypsinized rabbit erythrocytes by 
counting the cells on a hemocytometer. Typically, in 1 ml 
of incubation mixture, 88 Mg of lectin in 0.01 M Tris-HCl 
buffer, pH 7,4 containing 0.25 M NaCl (Tris-HCl buffer) 
was incubated with 1 x 10^ trypsinized rabbit erythrocytes 
for 3 0 minutes at room temperature (25 "c) . The number of 
unagglutinated cells were counted by hemocytometer and 
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percent hemagglutination calculated. 
4. Optical measurements : 
In the ultraviolet region, light absorption measure-
ments were performed on Cecil UV-spectrophotometer model 
CE-202 or on Cecil double beam spectrophotometer, model 
CE-594 using silica cells of l cm path length. Fluore-
scence measurements were carried out on Shimadzu spectro-
fluoromerer, model RF-540. The slit width was 10 nm. 
5. Preparation of affinity gel : 
Following Fornstedt and Porath (1975), 50 ml of 
Sepharose 6B gel was washed with distilled water and 
then with 0.5 M carbonate buffer, pH 11.0; the washed gel 
was then incubated with 5 ml of divinyl sulfone for 70 
minutes with continuous stirring. The activated gel slurry 
was washed extensively with distilled water. Fifty 
millilitres of 20 % (w/v) galactose solution in 0.5 M 
carbonate buffer, pH 10.0 was added to the gel slurry and 
the coupling reaction allowed to take place overnight at 
room temperature (33**C). The affinity gel was washed 
extensively with distilled water and then with 0.5 M 
bicarbonate buffer, pH 8.5 and finally treated with 1 ml 
of 2-mercaptoethanol for 2 hours. The galactosyl Sepharose 
6B gel was washed with distilled water before use. 
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6. Gel chromatography : 
Gel chromatography was performed on a Sephadex G-15 0 
column (1.78 x 99 cm) which was packed by the method of 
Ansari and Salahuddin (1973). The radius of the column was 
determined to be 0.89 cm. The column was packed with 
Sephadex G-150 gel and equilibrated with Tris-HCl buffer. 
The packing of the column was checked by passing Blue 
Dextran (see Fig. 3). The pattern of the elution profile 
showed uniform packing of the column. The void volume, V^, 
of the column, determined from the elution profile of Blue 
Dextran was found to be 78 ml. The inner volume, V• , of 
the column was determined by passing galactose solution 
through the column for which the elution volume was found 
to be 230 ml (see Fig. 4) . The value for distribution 
coefficient, K^, for galactose is unity. With these 
values, the inner volume, Vj^  ,of the column was calculated 
with the help of equation : 
e o 
Vi = (2) 
^d 
which was found to be 152 ml. 
The total volume, V^, of the column was calculated to 
be 24 6 ml. 
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Fig. 3. Elution profile 
G-150 column. 
of Blue Dextran on Sephadex 
About 10 mg of the sample was applied to 
the column (1.78 x 99 cm) equilibrated with 
Tris-HCl buffer. Fractions of 3 ml were 
collected at a flow rate of 20 ml/hr. The colour 
intensity was read at 610 nm. 
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Fig. 4. Elution profile of galactose 
column. 
on Sephadex G-150 
About 0.9% galactose solution was applied 
to the column (1.78 x 99 cm) equilibrated with 
Tris-HCl buffer. Fractions of 5 ml were 
collected at a flow rate of 20 ml/hr and 
monitored by the method of Dubois et al. (1956). 
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7. Sodium dodecyl sulphate polyacrylamide gel electro-
phoresis : 
Sodium dodecyl sulphate polyacrylamide gel electro-
phoresis was performed according to the method cf Wecer 
and Osborn (1969) in 0.1 M sodium phosphate buffer, pH ~.0 
containing 0.1% SDS. The glass tubes (0.5 >: 9 z~) 
previously washed with detergent and chromic acid, were 
siliconized with 7% dichlorodimethyl silane in chlcrofcm. 
The tubes were mounted vertically in a stand with their 
lower ends closed with rubber stoppers. A solution 
containing 7.5% acrylamide (w/v) , 0.2% (w/v) N, :: '-
methylene bisacrylamide, 0.01% (v/v) N,N,N',N'-tetra-
methylethylenediamine (TEMED), 0.04% (w/v) ammonium per-
sulphate and 0.1% SDS (w/v) in 0.1 M sodium pr.osphate 
buffer, pH 7.0 was prepared. This gel solution was poured 
in each gel tube and to this a few drops of water were 
layered. 
For the preparation of sample, the protein was 
dialyzed against 0.01 M sodium phosphate buffer, pH 7.0 
containing 1% SDS. Then the sample was heated for 3 0 
minutes in a boiling water bath. After cooling the sample, 
few drops of glycerol containing 0.1% (w/v) bronophenol 
blue were added. The sample was reduced by adding 0.1 M 2-
mercaptoethanol. About 45 yug of protein was applied on the 
top of the gel and electrophoresis was carried out for 6-7 
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hours at 6 inA current flow per tube. The gels were removed 
from the gel tubes with the help of a long needle attached 
to a syringe. The gels were stained with 0.2% coomassie 
brilliant blue R-250 dye in 25% (v/v) methanol and 10% 
(v/v) acetic acid and destained mechanically with 10% 
(v/v) acetic acid. 
8. Deteriination of carbohydrate content : 
(a) Neutral carbohydrate 
The neutral carbohydrate content was determined by 
the method of Dubois et al. (1956) using galactose as 
standard. 
To 1 ml of protein solution, 1 ml of 2% (w/v) phenol 
solution was added. Then 5 ml of concentrated sulphuric 
acid was mixed with it and the solution was allowed to 
cool at room temperature for 20 minutes. The colour 
intensity was measured at 490 nm against an appropriate 
blank prepared similarly with bovine serum albumin. 
A calibration curve between carbohydrate concentra-
tion in milligram and absorbance at 490 nm was obtained 
by the method of least squares. The linear curve (Fig. 5) 
fits the equation: 
(O.D. ) ^gQj^jjj = 6.26 (Galactose, mg) + 0.08 (3) 
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Fig. 5. Calibration curve for the estimation of neutral 
carbohydrate by the method of Dubois et al. 
(1956) using D-galactose as standard. The 
straight line drawn by the method of least 
squares fits the equation : 
(O.D.)490nm =6.26 (Galactose, mg) + 0,08 
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(b) Sialic acid : 
The sialic acid content of Phaseolus mungo lectin was 
determined by the method of Warren (1959) using N-acetyl 
neuraminic acid as standard. 
The protein was heated in 0.1 M sulphuric acid for 45 
minutes at 80° C in a water bath to release sialic acid. 
For the estimation of sialic acid, 0.5 ml of solution was 
mixed with 0.1 ml of 0.2 M sodium metaperiodate in 9 M 
orthophosphoric acid and kept at room temperature for 2 0 
minutes. Then 1 ml of 10% (w/v) sodium arsenate in a 
solution of 0.5 M sodium sulphate and 0.IM sulphuric acid, 
was added with vigorous shaking until the yellow colour 
which appeared momentarily, disappeared. This was followed 
by the addition of 3 ml of 0.6% (w/v) thiobarbituric acid 
in 0.5 M sodium sulphate. The mixture was heated in 
boiling water bath for 15 minutes. After cooling, equal 
volume of cyclohexanone was added and centrifuged at 2 000 
rpm for 15 minutes. The colour intensity of cyclohexanone 
layer was read at 550 nm against an appropriate blank. The 
solution prepared with bovine serum albumin was taken as a 
control. 
A calibration curve between sialic acid concentration 
in microgram and absorbance at 550 nm was obtained by the 
method of least squares. The linear curve (Fig. 6) fits 
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Fig. 6. Calibration curve for the estimation of sialic 
acid by the method of Warren (1959) using sialic 
acid as standard. The straight line drawn by the 
method of least squares fits the equation : 
(O.D.)590nm ^ 0.038 (sialic acid, ^ g) + 0.015 
33 
the equation: 
(O.D.)550nm ^ 0.038 (Sialic acid, wg) + 0.015 (4) 
9. Isolation of lectin from Phaseolus mungo seeds : 
For isolation of lectin, Phaseolus mungo seeds (50 g) 
were soaked' in 250 ml of 0.01 M Tris-HCl buffer, pH 7.4 
containing 0.25 M NaCl, for overnight at room temperature 
and kept in freezer for 15 minutes. The seeds were then 
homogenized in a blender for 5 minutes and the suspension 
was filtered through a muslin cloth. The pH of the 
solution was lowered to 4.0 by addition of 0.3 M acetic 
ac^d and it was kept overnight at 8*^ 0. The precipitate was 
removed by centrifugation at 6000 rpm for 3 0 minutes. The 
clear supernatant was extensively dialysed against 
operating Tris-HCl buffer for purification of lectin by 
affinity chromatography. 
10. Affinity chromatography : 
Galactosyl Sepharose 6B gel was packed into a glass 
column (4 X 8.8 cm) and was subsequently equilibrated with 
the operating Tris-HCl buffer. Thirty millilitres of seed 
homogenate containing 153 mg protein was applied to the 
column keeping the flow rate at 5 ml/hr. The column was 
washed with the operating buffer. The bound protein was 
specifically eluted with 0.25 M galactose in operating 
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Tris-HCl buffer. The lectin activity was measured by 
hemagglutination assay in presence and absence of 
galactose. 
11. Effect of temperature on hemagglutinating activity 
of lectin : 
Effect of temperature on the Phaseolus mungo lectin 
was observed by hemagglutination assay. Affinity purified 
lectin (88 jug) was exposed to a temperature range of 10° C 
to 70° C in an incubator for 40 minutes and subsequenrly 
incubated overnight at room temperature. The residual 
hemagglutinating activity of lectin was determined against 
trypsinized rabbit erythrocytes. 
12. Effect of pH on hemagglutinating activity of lectin : 
The effect of pH on the hemagglutinating activity cf 
Phaseolus mungo lectin was studied at different pH values 
in the pH range 4 to 8 which was maintained by 0.01 M 
citrate phosphate buffer (pH 4 to 8) containing 0.25 M 
NaCl. First, the affinity purified lectin was dialysed 
extensively against the citrate phosphate buffer cf 
different pH (4-8) and then incubated with trypsinized 
rabbit erythrocytes (1 x 10 cells) for 30 minutes. The 
activity of lectin at different pH was determined by 
hemagglutination assay as described earlier. 
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13. Effect of ionic strength on hemagglutinating activity 
of lectin : 
The effect of ionic strength on hemagglutinating 
activity of Phaseolus mungo lectin was investigated in 
0.01 M citrate phosphate buffer, pH 6.0 containing differ-
ent concentration of NaCl (0.15 - 0.9 M) . The cells and 
lectin were exposed to desired ionic strength for 30 
minutes and the hemagglutinating activity determined as 
described earlier. 
14. Carbohydrate binding specificity : 
The hemagglutinating activity of lectin was deter-
mined in presence and absence of increasing concentrations 
of ten sugars. The purified mungo lecrin (88 p.g) in Tris-
HCl buffer was incubated with different concentrations of 
sugar for 30 minutes at room temperature. To this 
incubation mixture, 0.1 ml of trypsinized rabbit erythro-
cyte (1 X 10 cells) suspension was added and kept at room 
temperature for 3 0 minutes. After 3 0 minutes, the number 
of unagglutinated cells were counted and percent hemagglu-
tination was determined as described earlier. 
Similarly, hemagglutination assay was performed with 
soybean agglutinin. The lectin (40 ;jg) in 0.01 M Tris-HCl 
buffer, pH 7.4 containing 0.25 M NaCl and 0.002 M each of 
CaCl2 and MnCl2 was incubated with different concentra-
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tions of sugar for 3 0 minutes at room temperature. To 
this incubation mixture, 0.1 ml of rabbit erythrocytes 
containing 1 x 10 cells were added and kept at room 
temperature for 3 0 minutes. The number of unagglutinated 
cells were counted and percent hemagglutination 
determined. 
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RESULTS 
1. Isolat ion and purification of lec t in from Phaseolus 
mungo seeds : 
Two buffer systems namely, 0.01 M Tris-HCl buffer, pH 
7.4 and 0.01 M sodium phosphate buffer, pH 7.4 each 
containing 0-0.5 M sodium chloride were used for the 
solubilization of protein from the seeds. The amount of 
protein solubilized in Tris-HCl buffer was slightly more 
than the protein solubilized in phosphate buffer and 
remained same in presence of 0.25 M to 0.5 M sodium 
chloride. Accordingly, 0.01 M Tris-HCl buffer, pH 7.4 
containing 0.25 M NaCl was used as the operating buffer 
for subsequent isolation and purification of lectin. 
For the isolation of lectin, the seeds were soaked 
and homogenized in the operating buffer and treated with 
0.3 M acetic acid pH 4.0, for overnight at 10° C. The 
clear supernatant obtained after centrifugation was 
extensively dialyzed against the operating buffer and 
subjected to affinity chromatography on galactosyl 
Sepharose 6B column (4 x 8.8 cm) equilibrated with the 
operating buffer (see Fig. 7) . Out of 153 mg of protein 
applied to the column, 128 mg protein (84%) was found in 
the fractions under wash through peak, whereas 1.6 mg 
protein (1%) was specifically eluted with 0.25 M galactose 
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Fig. 7. Isolation of Phaseolus mungo lectin by affinity 
charomatography on a galactosyl Sepharose 6B 
column (4 X 8.8 cm). 
Seed homogenate (30 ml containing 153 mg 
protein) was applied to the column. The protein 
fractions under peak A were obtained by elution 
with buffer alone and were assayed by the method 
of Lowry et al. (1951). The lectin was 
specifically eluted under peak B with 0.25 M 
galactose (indicated by arrow) in the operating 
Tris-HCl buffer and the protein content 
determined spectrophotometrically. 
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in the operating buffer. 
From 50 g seeds, the total protein solubilized in 
the buffer after acidification was 1.2 2 g, out of which 
9.5 mg purified lectin could be isolated by affinity 
chromatography in this study. Thus the percent yield was 
found to be 0.8%. 
The choice of low temperature for the isolation of 
lectin was indicated by the actual experiment. It was 
found that the hemagglutinating activity of lecrin is 
sensitive to heat treatment. When the lectin solution in 
the operating buffer was heated above so'^ cfor 4 0 ninutes, 
its activity decreased rapidly and was completely 
abolished at and above GO^C (see Fig. 8). 
The lectin isolated in this study by affinity 
chromatography was found to be essentially homogeneous 
with respect to size as shown by SDS-polyacrylamide gel 
electrophoresis in 0.1 M sodium phosphate buffer, pH 7.0 
containing 0.1% SDS with 7.5% cross-linking. A single 
coomassie stainable band with R value of 0.39 was 
obtained as shown in Fig. 9. 
The hemagglutinating activity of Phaseolus mungo 
lectin appears to be sensitive to pH and attains a 
maximum value near pH 6.0 (see Fig. 10). The experimental 
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Fig. 8. Thermal stability of Phaseolus mungo lectin. 
The lectin in operating Tris-HCl buffer 
was kept for 40 minutes at the indicated 
temperature. The hemagglutinating activity of 
the heat treated lectin was determined. 
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Fig. 9. SDS-PAGE Of Phaseolus mungo lectin under 
reducing (A) and non-reducing (B) 
conditions. 
The lectin (45 yg) was electro-
phoresed in 7.5% gel in the presence of 
0.1 M sodium phosphate buffer, pH 7.0 
containing 0.1% SDS according to Weber 
and Osborn (1969). The gels were stained 
with 0.2% coomassie brilliant blue R-250 
and destained mechanically with 10% (v/v) 
acetic acid. 
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Fig. 10. Effect of pH (A) 
hemagglutinating 
lectin. 
and ionic strength (B) on 
activity of Phaseolus mungo 
(A) The lectin was extensively dialysed 
against 0.01 M citrate phosphate buffer, pH 4-8 
containing 0.25 M NaCl and its hemagglutin-
ating activity determined. 
(B) The lectin was incubated in 0.01 M 
citrate phosphate buffer, pH 6.0 containing 
0.15-0.9 M sodium chloride and its hemaggluti-
nating activity determined. 
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uncertainty in the determination of hemagglutination was 
occassionally found to be as high as 20 %. Thus the 
difference in the value of hemagglutination at pH 5.0 and 
7.0 (see Fig. 10) is likely to be experimentally insigni-
ficant. Lectin mediated hemagglutination involving polar 
interactions is indicated by the effect of ionic strength 
on hemagglutinating activity of lectin. The hemagglu-
tination increased with increase in ionic strength from 
0.15 M to 0.5 M. Further increase in ionic strength above 
0.6 M caused small but measurable decrease in hemagglu-
tinating activity of lectin (see Fig. 10). 
2. Molecular properties : 
Molecular weight of Phaseolus mungo lectin was 
determined under native conditions by gel chromatography 
on a Sephadex G-150 column (1.78 x 99 cm) equilibrated 
with the Tris-HCl buffer. The column was calibrated with 
the marker proteins listed in Table III. The marker 
proteins were subjected to gel filtration under identical 
conditions. The elution profiles of these proteins are 
depicted in Figs. 11-14. The lectin was also subjected 
to gel chromatography on Sephadex G-150 column (see 
Fig. 15). The gel filtration profile of affinity purified 
lectin showed two protein peaks A and B, suggesting 
that the Phaseolus mungo lectin has a tendency to undergo 
aggregation especially in absence of galactose. The major 
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TABLE III 
VALUES OF MOLECULAR WEIGHTS AND STOKES RADII FOR MARKER 
PROTEINS USED IN GEL FILTRATION ON SEPHADEX G-15 0 COLUMN 
S.No. Marker protein Molecular Stokes radius^ 
weight (nm) 
1. 
2. 
3. 
4. 
5. 
6. 
Goat IgG 
Bovine serum albumin 
(dimer) 
Bovine serum albumin 
(monomer) 
Ovalbumin 
Chymotrypsinogen A 
Cytochrome c 
150,000^ 
138, 000*^ 
69, OOO'^ 
43,000*^ 
25,700^^ 
12,4C0^ 
-
4. 3 
3 . 5 
3 . 0 
2.2 
1.7 
Reference: 
^Tanford et al. (1974) 
Stanworth and Turner (198 6) 
^Tanford (1968) 
%ames (1986) 
®Eck and Dayhoff (1966) 
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Fig. 11. Elution profile of bovine serum albumin on 
Sephadex G-150 column. 
About 15 mg protein was applied to the 
column (1.78 x 99 cm) equilibrated with Tris-HCl 
buffer. The protein was eluted in 5 ml 
fractions at a flow rate of 20 ml/hr. The 
column was monitored by the method of Lowry et 
al. (1951). 
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Fig. 12. Elution profile of ammonium sulphate fractiona-
ted goat IgG on Sephadex G-150 column. 
Experimental conditions were the same as 
given in the legend to Fig. 11. 
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Fig. 13. Elution profile of ovalbumin on Sephadex G-150 
column. 
Experimental conditions were the same as 
given in the legend to Fig. 11. 
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''^ *^ ^^' lllJ:^;'' profiles of chymotrypsinogen A and 
cytochrome c on Sephadex G-150 column. 
About 10 mg of protein was applied to the 
column (178 X 99 cm) equilibrated with Tris-Sc? 
buffer The protein was eluted in 5 ml fractions 
at a flow rate of 20 ml/hr. The column was 
monitored by the method of Lowry et al. (i95ir 
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Fig. 15. Gel filtration of affinity purified lectin on 
Sephadex G-150 column (1.78 x 99 cm). 
About 3.5 mg lectin was applied to the 
column equilibrated with 0.01 M Tris-HCl buffer, 
pH 7.4 containing 0.25 M NaCl. The protein was 
eluted in 5 ml fractions at a flow rate of 20 
ml/hr. The protein concentration was 
determined by the method of Lowry et al. (1951). 
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protein fraction under the peak B constituted about 74% of 
the total protein eluted and was active towards 
trypsinized rabbit erythrocytes. The protein concentration 
of fractions under peak A was too small to permit 
measurement of hemagglutinating activity with acceptable 
degree of precision. However, no significant hemagglu-
tination could be detected in this fraction. It seems 
that the aggregated lectin shows little or no 
f 
hemagglu-inaring activity. As we shall see below that the 
aggregates of lectin were dissociated in SDS, so that rhe 
lec-in moved as a single protein band in SDS-polyacryl-
amide gel electrophoresis. 
For the determination of molecular weight of lectin, 
a curve was drawn between V /V and log M for marker 
proteins lisred in Table-IV by the method of leasr 
squares. The straight line given in Fig. 16 obeys the 
equation : 
V^/VQ = - 1.135 log M + 7.18 (5) 
The value of V^/V^ for the lectin was measured to be 
1.35, which according to equation (5) would correspond to 
a molecular weight of 137,000. It should be pointed out 
that the elution volume of proteins could be determined 
with an experimental precision better than 3%. This would 
introduce a maximum uncertainty of 6% in the computed 
51 
TABLE IV 
VALUES OF log M AND ELUTION VOLUME FOR MARKER PROTEINS AND 
LECTIN USED IN GEL FILTRATION ON SEPHADEX G-15 0 COLUMN 
S.No. Marker protein log M Elution volvime Vg/V^ 
1. 
2. 
3. 
4, 
5. 
6. 
7. 
Goat IgG 
Bovine serum albumin 
(dimer) 
Bovine serum albumin 
(monomer) 
Ovalbumin 
Chymotrypsinogen A 
Cytochrome c 
Lectin 
5.18 
5.14 
4.34 
4.63 
4.41 
4.09 
-
Vg (ml) 
103 
105 
133 
150 
175 
197 
105 
1. 32 
1.35 
1.70 
1.89 
2.24 
2.53 
1.35 
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Fig. 16. Plot of V^/VQ versus log M. 
The marker proteins used were : (1) goat 
Ig G (2) bovine serum albumin (dimer) (3) bovine 
serum albumin (monomer) (4) chymotrypsinogen A 
(5) ovalbumin and (6) cytochrome c. The 
straight line, computed by the method of least 
squares, fits the equation : 
V. ./VQ = - 1.135 log M + 7 18 
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value of molecular weight so that the neasured molecular 
weight of the lectin would be 137,000 ± 8,000. 
The molecular weight of Phaseolus mungo lecrin was 
also determined under denaturing conditions by SDS-
polyacrylamide gel electrophoresis in presence and absence 
of 2-mercaptoethanol. The lectin along with marker 
proteins including bovine serum albumin, goat IgG ana 
ovalbumin were electrophoresed under identical conditions 
in 0.1 M sodium phosphate buffer, pH 7.0 containing 0.1% 
SDS at 7.5% cross-linking. The relative mobilities ;R^) of 
marker proteins as well as of Phaseclus raungo lectin were 
determined and are given in Table V. A least squares 
analysis of the data between log M and R.,^  (Fig. 1"; 
yielded the following equation : 
log M = 1.235 R^ + 5.3 (5) 
The relative mobility of the lectin determined in 
duplicate was found to be 0.39, which according to 
equation (5) would correspond to a molecular weight of 
66,000. The relative mobility of lectin under reducing 
and non-reducing conditions was found to be identical 
(0.39) which again corresponded to a molecular weight of 
66,000. 
The molecular weight of lectin under native condition 
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TABLE V 
VALUES OF log M AND R^ FOR MARKER PROTEINS AND 
LECTIN USED IN SODIUM DODECYL SULPHATE 
POLYACRYLAMIDE GEL ELECTROPHORESIS 
S.No. Marker protein Molecular log M K^ 
weight 
1. Bovine serum albumin 69,000^ 4.84 0.40 
2. Heavy chain of goat IgG 50,000^ 4.70 0.44 
3. Ovalbumin 43,000^ 4.63 0.57 
4. Light chain of goat IgG 25,000^ 4.40 0.72 
5. Lectin - - 0.39 
Reference : 
a Tanford (1968) 
^Stanworth and Turner (1986) 
'^Hames (1986) 
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O 
0,A 
R 
0.8 
m 
Fig. 17. Plot of relative mobility (I^) 
for marker proteins. 
versus log M 
The marker proteins used were : (1) bovine 
serum albumin (69,000), (2) heavy chain of 
goat IgG (50,000), (3) ovalbumin (43,000) and 
(4) light chain of goat IgG (25,000). The 
straight line, computed by the method of least 
sguares, fits the equation : 
log M = -1.235 R^ + 5.3 
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(137,000) and denaturing condition (66,000) taken together 
suggests that the lectin is a dimer and that the subunits 
are held together by non-covalent interactions. 
The absorption spectra of Phaseolus mungo lectin 
(0.42 mg/ial) was measured in 0.01 M Tris-HCl buffer, 
pH 7.4 conraining 0.25 M NaCl in the wavelength region 
240-300 nn. The ultraviolet absorption spectra of the 
lectin showed maximum absorption near 278 nm. The 
fluorescence excitation and emission spectra were measured 
in the sar.e buffer but at lower protein concentration 
(0.06 mg/nl). The excitation and emission maxima occurred 
near 278 nm and 334 nm respectively. 
The neutral carbohydrate content of Phaseolus mungo 
lectin was determined by phenol sulphuric acid method of 
Dubois et al. (1956). The lectin contained 8.3% neutral 
carbohydrates. No significant amount of sialic acid could 
be detected in the lectin by the thiobarbituric acid 
method of Warren (1959). 
3. Hydrodynauaic properties : 
Gel filtration behaviour of the lectin was used for 
the determination of its hydrodynamic properties namely, 
Stokes radius, r, diffusion coefficient, D and frictional 
ratio, f/f^. The column characteristics determined were 
V^ = 246 ml, VQ = 78 ml and V^ = 152 ml. 
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The distribution coefficient, K^ and the inverse 
error function complement of distribution factor of 
protein, erfc~-'-(l-K^ ) for the marker proteins and lectin 
were computed from their elution volumes and are listed in 
Table VI. To determine the Stokes radius, r, of the 
lectin, the results were analysed according to Ackers 
(1970). A least squares analysis of the values of r and 
erfc"-*-(1-K^ ) for marker proteins yielded a straight line 
(see Fig. 13) which fits the equation : 
r = 4.393 erfc~^(l-K^) + 0.682 (7) 
The va lue of erfc"-'-(1-K^) for t he l e c t i n was 
determined to be 0.823, which according to the equation 
(7) would correspond to a Stokes radius of 4.3 nm. 
From the knowledge of Stokes r a d i u s , d i f f u s i o n 
c o e f f i c i e n t , D, of the l e c t i n was ca lcu la ted with the help 
of following expression (Andrews, 1970) : 
D = kT/6 TxTt r (8) 
where k is the Boltzman constant, -r^  is the 
coefficient of viscosity of the medium (0.01 M Tris-HCl 
buffer, pH 7.4 containing 0.25 M NaCl) and T is the 
absolute temperature. With k = 1.386 x lO"-'-^  ergs/degree; 
-r^  = 0.01 poise; T = 303°C and determined value of Stokes 
radius = 4.3 nm, the value of diffusion coefficient for 
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TABLE VI 
GEL FILTRATION DATA OF MARKER PROTEINS AND LECTIN 
OBTAINED ON SEPHADEX G-150 COLUMN 
a -1 -1 
) radius 
(nm) 
Protein V^ Stokes erfc" K^ erfc~^(l -K^ j) 
Bovine serum albumin 105 4.3 0.96 0.825 
(dimer) 
Bovine serum albumin 
(monomer) 
Ovalbumin 
Chymotrypsinogen A 
Cytochrome c 
Lectin 
133 
150 
175 
197 
105 
3.5 
3 .0 
2.2 
1.7 
"" 
0.55 
0.51 
0.33 
0.20 
0.96 
0.642 
0.529 
0.359 
0.222 
0.825 
Reference : 
^Tanford et al. (1974) 
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Fig. 18. Plot of stokes radius (r) and 
obtained on a Sephadex G-150 column. 
e r f c ^(1-K^) 
The marker p r o t e i n s were : (1) bovine serum 
a lbumin (d imer ) (2) b o v i n e serum a lbumin 
(monomer) (3) ovalbumin (4) chymotrypsinogen A 
and (5) cy toch rome c^ . The s t r a i g h t l i n e , 
computed by the method of l e a s t s q u a r e s , f i t s t he 
equa t ion : 
r = 4.393 e r fc~^( l -K^) + 0.682 
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lectin v?as calculated to be 5.18 x 10 ^ cm^ sec -^ 
The frictional ratio, f/fo^ of the lectin was 
calculated using the relation (Siegel and Monty, 1966) : 
f/f^ = r / (3V2 M/4 TTN)^/^ (9) 
where N is the Avogadro' s number (6.02 3 x 10 per 
mole) and V2 is the partial specific volume of the lectin 
taken to be 0.725 ml/g. The molecular weight of lectin 
was taken to be 132,000 as determined by SDS-PAGE. Using 
these values the frict:ional ratio, f/fQ, of the lectin 
was calculated to be 1.28. 
4. Carbohydrate binding specificity of Phaseolus mungo 
lectin : 
The Phaseolus inungo lectin was able to readily 
agglutinate trypsinized rabbit erythrocytes in the 
operating Tris-HCl buffer, when 88 pg of lectin was 
incubated with 1 x 10 cells in 1 ml incubation mixture. 
The lectin mediated agglutination was influenced to 
varying extent by the ten sugars listed in Table VII. 
From the curves (see Figs. 19-25) describing inhibition of 
hemagglutinating activity of the lectin as a function of 
increasing concentration of the saccharide, the 
concentration of the saccharide required for 50% 
inhibition of the lectin activity i.e. Cj^  was computed. As 
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TABLE VII 
EFFECT OF CARBOHYDRATES ON HEMAGGLUTINATING 
ACTIVITY OF Phaseolus mungo LECTIN 
Carbohydrate 
Galactose 
Methyl (<-galactoside 
Methyl ^-galactoside 
Melibiose 
p-Nitrophenyl 
i)C-galactoside 
N-Acetylgalactosamine 
Galactosamine 
Lactose 
Glucose 
Sucrose 
Concentration 
range (mM) 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
-
-
-
-
-
-
-
-
-
— 
14.5 
9.5 
10.7 
13.3 
18.5 
29.0 
15.5 
188.0 
300.0 
115.0 
Cw value 
(mM) 
9.5 
2.9 
> 10.7 
6.1 
4.2 
17.0 
> 15.5 
> 188.0 
> 300.0 
> 115.0 
Relative 
inhibitory 
potency 
1.00 
3.27 
< 0.89 
1.56 
2.3 
0.56 
< 0.61 
< 0.05 
< 0.03 
< 0.08 
* In hemagglutination assay galactose is normalized to 
1.0 [9.5 mM of galactose is required to achieve 50% 
inhibition of hemagglutination of trypsinized rabbit 
erythrocytes (1x10^ cells) by 88 jug of lectin in 1 nl 
incubation mixture]. 
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10 20 
Concentration of sugar^ mM 
30 
Fig. 19. I n h i b i t i o n of hemagglu t ina t ing a c t i v i t y 
Phaseolus mungo l e c t i n . 
of 
In 1 ml incubation mixture, lectin (88 ;jg) 
in Tris-HCl buffer was incubated with varying 
concentrations of galactose ( O O ) and N-
acetylgalactosamine ( # # ) for 30 minutes at 
room temperature and hemagglutinating activity 
measured against trypsinized rabbit erythrocytes 
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Concentration of sugar , mM 
Fig . 20. I n h i b i t i o n of h e m a g g l u t i n a t i n g 
Phaseolus mungo l e c t i n . 
activity of 
(88 )^.q) was incubated with varying 
of p-nitrophenyl <<- -ga lactoside 
) and methyl /C-galactoside ( ^ —% ) 
minutes at room temperature and hemagglu-or 30  
inating activity measured. 
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Fig. 21. Inhibition of hemagglutinating activity of 
Pbaseolus mungo lectin by methyl fl-galactoside. 
The experimental conditions were identical 
as described in legend to Fig. 19. 
G5 
10 15 30 60 90 
Concentrat ion of sugar, nnM 
a c t i v i t y o t 
( # — • ) and 
F i g . 2 2 . I n h i b i t i o n of h e m a g g l u t i n a t i n g 
Phaseolus mungo l e c t i n by m e l i b o s e 
l a c t o s e ( (-) ^ ) . 
The e x p e r i m e n t a l " c o n d i t i o n s were i d e n t i c a l 
a s d e s c r i b e d i n l egend t o F i g . 19 . 
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A 8 12 
G a l a c t o s a m i n e , m M 
16 
Fig . 23. I n h i b i t i o n of h e m a g g l u t i n a t i n g a c t i v i t y 
Phaseolus mungo l e c t i n by ga lac tosamine . 
ot 
The experimental conditions were 
as described in legend to Fig. 19. 
identical 
G7 
Glucose , mM 
Fig. 24. I n h i b i t i o n of h e m a g g l u t i n a t i n g a c t i v i t y of 
Phaseolus mungo l e c t i n by glucose. 
The experiinontai conciitions were i d e n t i c a l 
as described in legend to Fig. 19. 
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Fig. 25. Inhibition of 
Phaseolus mungo 
hemagglutinating 
lectin by sucrose. 
activity of 
The experimental conditions were identical 
as described in legend to Fig. 19. 
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can be seen in Fig. 19, the hemagglutination was 
considerably decreased in presence of increasing concen-
tration of galactose. Thus, the Cj^  value for galactose 
computed from the curve was found to be 9.5 mM. However, 
in the experiments carried out in triplicate, the value of 
Cw was found to vary with an average error of 19%. The Cj^  
values for other sugars were computed from their curves 
(see Figs 19-25) and are listed in Table VII. The values 
were normalized with respect to galactose and the relative 
inhibitory potency of each sugar was computed (see Table 
VII) . It is evident from the results that methyl /C-
galactoside was the most potent inhibitor of hemagglu-
tination followed by p-nitrophenyl *C-galactoside (see 
Fig. 20). N-Acetylgalactosamine was far less potent 
inhibitor than galactose (see Fig. 19). The lectin 
mediated hemagglutination was virtually unaffected by 
methyl ^-galactoside, galactosamine, lactose, glucose and 
sucrose under our experimental conditions (see Fig. 21-
25). The value of Cj^  (4.2 mM) for p-nitrophenyl «^ -
galactoside- was 45% higher than that found for methyl *C -
galactoside (2.9 mM) . The difference is well above the 
average error of 19% found in the determination of C„ 
value. This would mean that methyl lA -galactoside is 
significantly more potent inhibitor of hemagglutination 
than p-nitrophenyl tf- -galactoside. Curiously, the lectin 
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mediated agglutination was not influenced significantly by 
lactose upto 0.2 M concentration. Glucose and sucrose 
expectedly did not influence the agglutination process. 
5. Comparison of carbohydrate binding specificity of 
Phaseolus mungo lectin with soybean agglutinin : 
The carbohydrate binding specificity of soybean 
agglutinin was determined under the conditions described 
in experimental section. The effect of six sugars on 
soybean agglutinin mediated hemagglutination of inract 
rabbit erythrocytes was carried out in operating Tris-HCl 
buffer containing 0.002 M each of CaCl2 and MnCl2. The 
Phaseolus mungo lectin and soybean agglutinin were 
compared for their carbohydrate binding specificities. As 
expected, the soybean agglutinin mediated hemagglutination 
was considerably influenced by N-acetylgalactosamine 
(Pereira et al., 1974) as is shown in Fig. 26. The Cw 
value for this sugar computed from the curve was found to 
be 4.9 mM whereas galactose was found to be poor inhibitor 
of hemagglutination (Cj^  = 93 mM) (see Table VIII) . No 
detectable effect of other sugars en lectin mediated 
hemagglutination of rabbit erythrocytes was found in the 
concentration range given in Table VIII. Strikingly, 
methyl Xi-galactoside, galactose, and p-nitrophenyl «< -
galactoside were very effective inhibitors for Phaseolus 
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F i g . 2 6 . 
N - A c e t y l g a l a c t o s a m i n e , mM 
I n h i b i t i o n of h e m a g g l u t i n a t i n g a c t i v i t y of 
soybean agglu t in in by N-acetylgalactosamine. 
Soybean agg lu t in in (40 jag) was incubated 
wi th va ry ing c o n c e n t r a t i o n s of N - a c e t y l -
g a l a c t o s a m i n e and a c t i v i t y measured a g a i n s t 
i n t a c t r abb i t e ry t l i rocytes . 
7 2 
TABLE VIII 
EFFECT OF CARBOHYDRATES ON HEMAGGLUTINATING 
ACTIVITY OF SOYBEAN AGGLUTININ 
Carbohydrate Concentration range Cw value 
(mM) (niM) 
Galactose 
N-Acetylgalactosamine 
Methyl (<-galactoside 
p -Ni t ropheny l^ -ga l ac tos ide 
Melibiose 
Lactose 
0 -
0 -
0 -
0 -
0 -
0 -
1 6 1 . 0 
1 1 . 0 
2 3 . 5 
2 0 . 0 
1 5 . 0 
8 1 . 3 
9 3 . 0 
4 . 9 
-
-
-
_ 
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mungo lectin mediated hemagglutination (see Table VII). 
Melibiose which was an effective inhibitor of hemagglu-
tination in the case of Phaseolus mungo lectin had 
virtually no effect on hemagglutinating activity of 
soybean agglutinin upto 15 mM concentration. 
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DISCUSSION 
Legume lectins specific for N-acetylgalactosamine/ 
galactose have been generally isolated by affinity 
chromatography (Lis and Sharon, 1981a). In this study, 
Phaseolus mungo lectin has been isolated by affinity 
chromatography on galactosyl Sepharose 6B column. The 
affinity purified Phaseolus mungo lectin showed size 
homogeniety as indicated by SDS-polyacrylamide gel 
electrophoresis (single protein band). Some properties of 
Phaseolus mungo lectin investigated in this study are 
listed in Table IX. 
The molecular weight of the lectin under denaturing 
condition is 66,000 both in presence and absence 
of 2-mercaptoethanol, whereas the molecular weight of the 
lectin under native condition by gel filtration is 137,000 
(see Table - IX) . These results taken together show that 
the Phaseolus mungo lectin consists of two polypeptide 
chains that are held together by non-covalent forces, 
devoid of disulphide bonds. All the well characterized 
legume lectins exhibit subunit structure with molecular 
weight 25,000 - 30,000 (Sharon and Lis, 1990). Unlike 
lectins from Phaseolus lunatus, Glycine max, Griffonia 
si:nplicifolia, Arachis hypogaea and Phaseolus vulgaris, 
which are tetrameric proteins, the Phaseolus mungo lectin 
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TABLE IX 
SOME PROPERTIES OF Phaseolus mungo LECTIN 
S.No. Property Value ^ 
1. Molecular weight by SDS - PAGE 6 6,00 0 
2. Molecular weight by gel filtration 137,000 
3. Stokes radius (nm) 4.3 
4. Diffusion coefficient (cm sec" ) 5.18 x 10' 
5. Frictional ratio 1.28 
6. Absorption maximum (nm) 278 
7. Fluorescence emission maximum (nm) 334 
8. Neutral carbohydrate content % 8.3 
^This study 
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is a dimeric protein with substantially higher subunit 
molecular weight. The purified Phaseolus mungo lectin 
contained about 8% neutral carbohydrate which is in 
accordance with previous studies on carbohydrate content 
of other legume lectins (Strosberg et al., 1986; Sharon 
and Lis, 1990). 
Optical properties of Phaseolus mungo lectin are 
similar to that of Con A. While Con A in TM buffer (0.02 M 
Tris-HCl buffer, pH 7.4 containing 0.001 M MnCl2, 0,001 M 
CaCl2 and 0.4 M NaCl) absorbed maximally near 279 nm and 
fluorescence maximum occurred near 332 nm (Zand et al., 
1971), the Phaseolus mungo lectin in 0.01 M Tris-HCl 
buffer, pH 7.4 containing 0.25 M NaCl was found to absorb 
maximally near 278 nm and corresponding fluorescence 
excitation and emission maxima occurred near 278 nm and 
334 nm respectively. The spectral properties of lectin are 
indicative of the presence of tryptophan residue(s) in 
the lectin. 
The hydrodynamic parameters of Phaseolus mungo lectin 
as determined from its gel filteration behaviour from a 
calibrated Sephadex G - 150 column suggested a Stokes 
radius of 4.3 nm, diffusion coefficient of 5.18 x 10~^ cm^ 
sec'-'- and a frictional ratio of 1.28. The significant 
deviation from globular shape may be attributed to 
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glycoprotein nature of the lectin. The hydrodynamic 
behaviour (f/fo =1.28) of the native Phaseolus mungo 
lectin was identical to that of lactate dehydrogenase 
(f/f^ = 1.27 and molecular weight = 141,000) which is 
known to exist in a compact and globular conformation 
(Creighton, 1984) . Interestingly, the measured frictional 
ratio of the lectin compares well with that {t/f.^ - 1.29) 
found for Con A dimer which is globular in shape 
(Creighton, 1984) . However, the frictional rario and 
other related hydrodynamic parameters of Phaseolus mungc 
lectin should be interpreted with some caution since f/f^ 
not only depends on shape of the molecule but also on the 
level of hydration. It is to be noted that Phaseol'ss mungo 
lectin is a glycoprotein whose uptake of water is likely 
to be much higher than a typical simple globular protein. 
Results on specific inhibition of hemagglutination by 
low molecular weight carbohydrates indicated conclusively 
that Phaseolus mungo lectin isolated in this study is 
galactose specific (see Table-VII, Fig. 27) . This lectin 
showed substantially higher affinity for galactose than 
for N-acetylgalactosamine. It belongs to N-acetylgalacto-
samine/galactose group of lectins showing significantly 
higher affinity for galactose than for N-acetylgalacto-
samine. In contrast, legume lectins from Phaseolus 
lunatus, Dolichos biflorus, Arachis hypogaea and Glycine 
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Fig. 27. Structure of galactose showing 
equatorial (e) hydroxyl groups. 
axial (a) and 
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max belonging to the same carbohydrate specificity group 
show much greater affinity for N-acetylgalactosamine 
(Goldstein and Poretz, 1986). Some of these lectins have 
been compared for their carbohydrate binding specificities 
(Filler et al., 1990). 
Substitution of C-1 hydroxyl hydrogen by methyl 
or p-nitrophenyl group substantially enhanced the 
inhibitory property of galactose (see Table-VII), an 
observation shared by several other legume lectins 
(Goldstein et al., 1967; Van Wauwe et al., 1973; Allen 
et al., 1976) . Our results indicated that methyl 
i^C-galactoside is a three fold better inhibitor of 
hemagglutination than galactose (see Table-VII). However, 
the lectin showed little or no affinity for methyl 
P-galactoside. This suggests that the lectin recognizes 
only /C-derivatives of the specific sugars. Accordingly, 
lectin does not recognize lactose whereas melibiose is a 
better inhibitor. Further, the observation that the 
inhibitory potential of p-nitrophenyl <;C-galactoside was 
some what less than that measured for methyl <^-galacto-
side requires explanation. It seems that interaction of 
specific sugars with Phaseolus mungo lectin does not 
involve hydrophobic binding site - a feature shared by 
almost all legume lectins (Goldstein and Poretz, 1986). 
Lectin had no affinity for glucose and sucrose (see Table-
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VII) . The saccharide binding specificity of the Phaseolus 
mungo lectin was compared with another well known legume 
lectin of the same carbohydrate specificity group i.e. 
soybean agglutinin. Our results indicated that the two 
lectins differ in their carbohydrate specificity. While 
Phaseolus mungo lectin showed significantly higher 
affinity for galactose than for N-acetylgalactosamine, 
soybean agglutinin showed preference for N-acetylgalacto-
samine as found in this study as well as elsewhere (Table-
VIII, Pereira et al., 1974). This indicates that the 
lectins belonging to the same carbohydrate specificity 
group may differ in the fine specificity of their sugar 
binding (Pusztai, 1991) due to the fact that the amino 
acid sequences participating in the carbohydrate binding 
site are poorly conserved (Becker et al., 1976). 
It will be instructive to compare the saccharide 
binding specificity of Phaseolus mungo lectin with those 
of legume lectins specific for N-acetylgalactosamine/ 
galactose such as lectins from Glycine max, Erythrina 
crystagalli, Arachis hypogaea, Griffonia simplicifolia A^  
and Griffonia simplicifolia B^. Published data on the 
inhibitory potential of various sugars on the activity of 
above mentioned lectins are listed in Table-X (Pereira 
et al., 1974; Pereria et al., 1976/ Wood et al., 1979; 
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TABLE X 
COMPARISON OF SUGAR SPECIFICITY OF GALACTOSE SPECIFIC LEGUME LECTINS 
R e l a t i v e i n h i b i t o r y potency 
L e c t i n Gal GalNAc Me<<.-gal He ^ - g a l p-Ni t ropheny l Lac Me l i b i ose Galactosamine 
•C-gal 
Glycine max 0.04 1.0 0.14 0.07 
Erythr ina c r ys taga l l i 1.0 1.54 1.54 0.75 
Arachis hvpogaea 1.0 2.22 2.22 1.50 2.22 2.22 0.60 2.22 
Gr i f fon ia 1.0 17.1 4.0 0.6 5.0 < 0.6 2.4 0.6 
s i m p l i c i f o l i a A, 
Gi s i t T p l i c i f o l i a B, 1.0 < 0.89 3.65 < 0.94 2.58 < 0.6 2.4 
Phaseolus mungo 1.0 0.56 3.27 < 0.9 2.30 < 0.05 1.5 < 0.61 
0.21 
1.54 
0.06 
6.36 
.  
0.14 
-
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Kaladas et al., 1982). The Phaseolus mungo lectin like 
Erythrina crystagalli lectin showed higher affinity for 
methyl fC-galactoside than for galactose. However, in 
contrast, the later showed maximum affinity for lactose 
(Kaladas et al., 1982). A close examination of rhe results 
in Table-X suggests that the carbohydrate specificity of 
Phaseolus mungo lectin compares well witr. that of 
isolectin B. form of Griffonia simplicifolia lectin. The 
relative inhibitory potencies of different sugars tested 
were same for both the lectins (see Table-X) . Like 
Phaseolus mungo lectin, B. isolectin binds galactose but 
does not bind N-acetylgalactosaminyl-terminarad oligo-
saccharides or N-acetylgalactosamine. In ccr.trast. A., 
isolectin from Griffonia simplicifolia possesses several 
fold greater affinity for N-acetylgalactosamir.e than for 
galactose (Wood et al., 1979). In conclusion, "he lectin 
from Phaseolus mungo seeds shares some bu- not all 
properties of legume lectins. 
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